We have developed a new colorimetric method for the determination of creatine kinase (CK). This method is based on the reaction of creatine, formed enzymatically from creatine phosphate and ADP, with p-nitrophenylglyoxal (PNPG) under mild alkaline conditions to produce a coloured complex which absorbs maximally at 480 nm. This method was applied to the sera of patients with myocardial infarction. The results obtained by the PNPG method agreed well with the results obtained by other available methods for CK. However, the PNPG method was more convenient and less expensive than other methods and required a single chromogenic reagent. The PNPG method might be easily adapted to routine clinical application.
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At the present time several colorimeteric and spectophotometric methods are available for the determination of creatine kinase, CK (ATP: creatine phosphotransferase, E.C.2. 7.3.2).1,2 The spectrophotometric method of Rosalki' has been reported to be the method of choice in most laboratories.V'" We have developed a new colorimetric method for determination of CK. This method is based on the determination of creatine formed enzymatically from creatine phosphate and ADP by use of p-nitrophenylglyoxal (PNPG) under mild alkaline conditions. The colour development in this procedure is accomplished by addition of the single colour reagent PNPG to the incubation mixture, thus decreasing the number of chemicals ordinarily necessary to produce a coloured product. We determined CK in the sera of patients with acute myocardial infarction (AMI) by the PNPG method. The results obtained by this method were compared with results obtained by other methods.
MATERIALS AND METHODS

Patients, specimen collection and clinical diagnosis
Patients admitted to the coronary care unit with severe chest pain were candidates for this study. Blood specimens were obtained form patients at Correspondence: Dr M Aminlari. the time of admission and, in some cases, subsequently every 24 h for a minimum of 3 days. The diagnosis of AMI was established by considering the clinical records, including enzymatic analysis, typical electrocardiographic changes, clinical history data, and the clinicians' final diagnosis. The serum specimens were coded such that the personnel doing the CK assay by the PNPG method in a different laboratory were informed of neither the biochemical nor the clinical diagnostic data obtained at the hospital. All of the reagents were of analytical grade and were purchased from commercial sources. PNPG was synthesized by the modified method of Steinbach and Becker. 6 The yellow crystals of PNPG were soluble in water up to 5 gIL.
Reaction of creatine with PNPG The procedure for the determination of creatine by PNPG was based on the method described by Aminlari and Vaseghi" with several modifications. We studied the effects of buffer concentration, pH, temperature and time of reaction, and the concentrations of PNPG and sodium ascorbate (as colour stabilizing agent) in order to standardize the conditions for colorimetric determination of creatine, and to make this method useful for routine measurement of CK (see Fig. 1 ). Each parameter was varied while holding the remaining parameters constant under the following general conditions. To I ml of 0·05 mmol/L creatine was added at pHs above 9·0. At pH 10·5 or 12'0,-the greater than normal concentrations of creatinine or other serum constituents caused interference in measuring creatine (Table I) .
The presence of 0·05 mol/L sodium ascorbate in the reaction mixture was necessary in order to increase the rate of colour formation and the intensity of the orange-red colour produced, and Creatine reacted with PNPG to produce a coloured complex which absorbed maximally at 480 nm. The best result was obtained in 0·1 moll L sodium pyrophosphate, pH 9·0 containing 0·05 mol/L sodium ascorbate as colour stabilizing agent (Fig. IA) . The rate of the reaction was too slow below pH 9·0 even in the presence of 0·05 mol/L sodium ascorbate. The intensity of the colour and the rate of colour formation was higher at higher pHs. However, above pH 9·0 the reaction became less specific and other compounds such as creatinine and urea also reacted with PNPG (Table I) . Furthermore, the absorbance due to the blank was considerably higher
Determination of CK activity
The activity of CK was determined by three different methods and the results were compared. The colorimetric (diacetyl-e-napthol) method of Hughes" using kit No. 520 (Sigma Chemical Co.) and the spectrophotometric method of Rosalki! using CK-NAC UNIKITS (Roche) were compared with the PNPG method. The incubation condition for CK measurement by the PNPG method was as described for diacetyl-n-napthol method (Sigma Bulletin No. 520). The incubation mixture contained 7 mmol/L creatine phosphate, 0'015mo1/L MgS0 4 , 4 mmol/LADP, 0'25mmo1/L reduced glutathione and IOJlI serum in 0·8 mL of 0·1 mol/L Tris, pH 7·5. This mixture was incubated at 37°C for exactly 30 min. Following incubation, the reaction was stopped by addition of 0·2 ml 0·05 mol/L p-hydroxymercurybenzoate. The concentration of creatine was determined as described above using the molar extinction coefficient for the coloured product (see Results). In this paper one unit activity of CK is defined as the amount of enzyme that can produce one Jlmol creatine per min at 37°C and pH7·5.
RESULTS
2.0 mL 0·1 mol/L sodium pyrophosphate/ 0·05 mol/L sodium ascorbate, pH 9·0, and 0'2mL 27mmol/L aqueous solution of PNPG. The reagents were mixed and the reaction was allowed to proceed at 37°C. After IOmin the absorbance at 480 nm was read against a reagent blank containing no creatine using a Unicam Model SP 1800 recording spectrophotometer. The specificity of the colour reaction was tested by substituting other compounds at the same concentration used for creatine (i.e. 0·05 mmolj L) and reading the absorbances at 480 nm as described above. 
'Buffer charactristic as described in Fig. I . All buffers contained 0·05 moljL sodium ascorbatẽ o I ml solution of 0·05 mmoljL test compound was added 2·0 mL buffer and 0·2 mL PNPG. After 10min incubation at 37°C absorbance was read against a reagent blank in a I em cuvette 'Absorbance was obtained after incubation of 10 JlL serum with creatine phosphate and ADP as described in Methods. The samples were treated for colour development as described in 'b' above. Sera were from 24 healthy men and 41 health women dAs in 'c' except that sera were from 10 patients with bilirubin levels of 17-103 JlmoljL CAs in 'c' except that sera were from 10 patients with creatinine levels of 442-1768 JlmoljL fAs in 'c' except that sera were from 32 men and 10 women with AMI (see Table 2 ).
to minimize photosensitivity of the coloured complex. At higher concentrations of sodium ascorbate a slight increase in the absorbance was observed but the colour was unstable ( Fig. IB) . At 37°C the reaction was complete in 10min ( Fig.IC) . At lower temperatures the rate of colour development was too slow to be of value. At temperatures above 37°C the rate of the reaction increased but the coloured product was unstable and the absorbance started to decline soon after reaching its highest value.
A 0·2 ml aliquot of 27 mmol/L PNPG was regarded as the best concentration. This provided a 50-fold molar excess of PNPG over creatine. This high concentration of PNPG was necessary for colour production in most AMIpositive sera, where production of a high concentration of creatine was expected. Higher concentrations of PNPG resulted in an increase in the absorbance of blank and caused turbidity of the reaction mixture.
It was concluded that 0·1 mol/L sodium ascorbate at 37°C was the best condition for reaction of creatine with PNPG when the specificity of the reaction and the colour development in the blank was taken into account. Under these conditions the colour was stable for at least 24 h and the reaction product obeyed Beer's law in the range of 0·1-0·1 mmol/L creatine with a molar extinction coefficient of I· 35 X 10 4 M -I ern -I for the coloured product. Under the above conditions PNPG reacts specifically with guanidinocontaining compounds. Among 20 common amino acids, only arginine reacted with PNPG to give an absorbance of 30% of that of creatine (Table I) . Other amino acids, creatine phosphate, Tris, dithioerythritol, EDTA, borate and Hepes did not react with PNPG.
Determination of the CK activity in sera
The activity of CK was determined in normal and AMI-positive sera. Creatine produced by the action of CK on ADP and creatine phosphate was allowed to react with PNPG under the conditions described above. From the molar extinction coefficient of the coloured product the number of micro moles of creatine produced was calculated and the activities of CK in units per litre (U/L) determined. In cases where the absorbance was too high due to the high activity of CK in the serum, the serum was diluted with distilled water and the results were multiplied by the dilution factor. Table 2 shows the results of CK determination in the sera of 65 normal and 42 AMI subjects. Values of 46 and 44 UjL were found for the means of serum CK by PNPG method in normal men and women, respectively. These values are in good agreement with those obtained by the diacetyl-a-naphthol method ( Table 2) have been suggested for men and women, respectively, by a spectrophotometric method.'?
Correlation coefficients of 0·934 and 0·895 were obtained when the PNPG method was compared with the diacetyl-e-naphthol and spectrophotometric methods, respectively (Figs 2 and 3) . The correlation coefficient was 0·897 when the spectrophotometric method was compared with the diacteyl-a-naphthol method (results not shown).
The reproducibility of the PNPG method was evaluated by analysing a pool of myocardial infarct-positive sera as well as a pool of normal sera.Pools were assayed 10 times on a given day for intra-assay and daily over a two-week period for interassay precision. For abnormal sera the coefficient of variation for intra-and interassay precision were 3·0 and 4'8%. respectively. The corresponding values for normal sera were 3·5 and 5·0%. Table 2 demonstrates the diagnostic value of PNPG method for CK determination. Depending on a range ofcut-offvalues for CK activity, different levels of sensitivity and specificity were calculated. Based on the data in Table 2 , it was decided that a value of 100UjL can be considered as the upper limit of serum CK by the PNPG method in normal subjects. For the diacetyl-e-naphthol and spectrophotometric methods the cut-off values were 90 and 200 UjL. respectively, as suggested by the manufacturers of the kits. Based on these values, the sensitivity and specificity of the diacetyl-a-naphthol method were 97·6 and 96,9%, respectively. Corresponding values for spectrophotometric method were 100 and 97·6%. In the present paper we report on the application of a new colorimetric method for determination of CK in the sera of normal and AMI subjects. The new method is based on the reaction of enzymatrically formed creatine from creatine phosphate and ADP with PNPG under mild alkaline conditions. Several modifications have been introduced to the original procedure.' Lowering the pH to 9·0 and decreasing the concentration of sodium ascorbate eliminated the interference due to the presence of serum constituents such as creatinine. Since only 10ilL serum is used these constituents are present in a very low concentrations in the reaction mixture and are not expected to cause interference, even when the reaction is performed at pH 12,0. 7 However, the new conditions described in the present paper obviate the complications due to the high concentrations of serum constituents in pathological sera. Although the molar extinction coefficient of the coloured product has decreased to almost half of the value reported earlier," the method is still sufficiently sensitive to detect CK in the normal sera.
The results obtained in normal and AMI-positive sera indicate that PNPG method is comparable with other methods for CK. Excellent correlation was found between the PNPG and diacetyl-u-naphthol methods. Both the PNPG and diacetyl-z-naphthol methods are based on direct colorimetric determination of creatine. The spectrophotometric method, on the other hand, is a kinetic approach that is based on the coupled reaction of CK with hexokinase and glucose-6-phosphate dehydrogenase reaction to convert finally NADP+ to NADPH which can be measured spectrophotometrically at 340 nm, at a rate dependent on the activity of CK. J The spectrophotometric method is most widely used in clincal laboratories and has been adapted to automation. However, besides the requirement Creatine kinase by p-nitrophenylglyoxal 573 patient, CK activity was 88 U/L by PNPG and 106 U/L by diacetyl-u-naphthol method. In both patients, these CK values were recorded on the third day after admission in CCU, and thus might reflect the decline of the activity of the serum CK to the normal value. Using the same criteria, the specificity of PNPG method was 98·5%. Among 65 healthy subjects, one male subject showed a serum CK activity of 100U/L by PNPG, 61 U/L by the diacetyl-a-naphthol method and 353 by the spectrophotometric method. The total number of AMI patients was 42 and the total number of normal subjects was 65 n" number of AMI patients whose serum CK was above indicated cut-off n 2 , number of normal patients whose serum CK was below indicated cut-off -g 1600 s:
DISCUSSION
<a; .. Based on the cut-off value of 100U/L, the sensitivity of the PNPG method in AMI patients was 95·2% (40 cases in 42 patients). One of the patients had a CK activity of 95 U/L by PNPG, 88 U/L by diacetyl-cx-naphthol, and 257 U jL by the spectrophotometric method. In the other for a recording spectrophotometer, this method utilizes two enzymes and many reagents and is more expensive than colorimetric methods.
The PNPG method offers the advantage of simplicity, higher sensitivity and rapidity when compared with the diacteyl-IX-naphthol method. In this new method, colour development is achieved by addition of a single chromogenic reagent, PNPG, to the incubation mixture, thereby obviating the inconvenience of working with such odorous reagents as diacetyl and IXnaphthol. The colour develops in IOmin at 37°C and no turbidity of the reaction mixture occurs, so that all centrifugation steps are omitted (see Sigma Bulletin No. 520).
It has been estimated that the population involved in CK testing exceeds two million patients per year in the United States alone." Decreasing the cost of CK tests, which is probably achievable by the PNPG method due to the use of fewer chemicals and simple colorimeters, might render this method valuable, particularly in clinical laboratories which have little access to such facilities as recording spectrophotometers, autoanalysers, and expensive chemicals. PNPG is synthesized by a simple and straightforward procedure and can be easily adapted to a large scale production. (PNPG is now produced commercially by Polysciences Inc., Warington, USA.) The PNPG method might be adapted to automation and be incorporated into the routine of clinical laboratories that perform CK assay.
